Materials
All chemicals, reagents and solvents were purchased from Sigma-Aldrich and used as received without further purification. CPO-27-M were all synthesised under solvothermal conditions, and processed under inert conditions. The gases used for gas adsorption measurements were of 99.999%, or higher, purity and were purchased from Yara Praxair.
Preparation of [Mn(C4HO3)] (CPO-27-Mn).
2,5-dihydroxyterephthalic acid (0.743 g, 3.75 mmol) was dissolved in N-methyl-2-pyrrolidone (50 mL) in a Teflon-lined insert (125 mL volume). A solution of manganese(II) acetate tetrahydrate (1.838 g, 7.5 mmol) in H2O (6 mL) was added, and the insert was placed in an autoclave, sealed and reacted for 24 h at 110 °C in a preheated furnace. Filtration in a Schlenk apparatus yielded orange-red material and a little amount of colourless precipitate. The material was washed with copious amounts of water during which the main component changed its colour to orange and the colourless substance dissolved and washed away. The supernatant solvent was replaced by methanol three times, leaving each portion to stand for about 30 min, before it was filtered in a Schlenk apparatus. Finally, the product was dried at 150 °C in dynamic vacuum. Yield [Mn(C4HO3)] (151.99 g mol -1
): 0.444 g (38.9 %). Powder X-ray diffraction confirms the identity of the compound. Accessibility of the void volume was confirmed by nitrogen gas adsorption: BET surface area of 1264 m 2 g -1
, Langmuir surface area of 1676 m 2 g -1 and total pore volume (at p / p0 = 0.500) of 0.58 cm 3 g -1
.
Preparation of [Co(C4HO3)] (CPO-27-Co).
2,5-dihydroxyterephthalic acid (1.981 g, 10 mmol) was dissolved in THF (30 mL) in a Teflon-lined insert (125 mL volume). A solution of cobalt(II) acetate tetrahydrate (4.982 g, 20 mmol) in H2O (30 mL) was added, and the insert was placed in an autoclave, sealed and reacted for 24 h at 110 °C in a preheated furnace. The material was washed with H2O before the supernatant solvent was replaced by methanol three times, leaving each portion to stand for about 30 min, before it was filtered in a Schlenk apparatus. Finally, the product was dried at 150 °C in dynamic vacuum. Yield [Co(C4HO3)] (155.98 g mol -1
): 2.542 g (81.5 %). Powder X-ray diffraction confirms the identity of the compound. Accessibility of the void volume was confirmed by nitrogen gas adsorption: BET surface area of 1276 m 2 g -1
, Langmuir surface area of 1362 m 2 g -1 and total pore volume (at p / p0 = 0.500) of 0.48 cm 3 g -1
Preparation of [Ni(C4HO3)] (CPO-27-Ni).
A solution of nickel(II) acetate tetrahydrate (4.977 g, 20 mmol) and 2,5-dihydroxyterephthalic acid (1.981 g, 10 mmol) was dissolved in H2O (60 mL) in a Teflon-lined insert (125 mL volume). The insert was placed in an autoclave, sealed and reacted for 24 h at 110 °C in a preheated furnace. Filtration under inert conditions resulted in a yellow crystalline material consisting of very crystalline material. The material was washed with H2O before the supernatant solvent was replaced by methanol three times, leaving each portion to stand for about 30 min, before it was filtered in a Schlenk apparatus. Finally, the product was dried at 150 °C in dynamic vacuum. Yield [Ni(C4HO3)] (155.74 g mol -1
): 2.379 g (76.4 %). Powder X-ray diffraction confirms the identity of the compound. Accessibility of the void volume was confirmed by nitrogen gas adsorption: BET surface area of 1107 m 2 g , 0.0097 g, 10 mmol) was added to the insert and stirred for five minutes before a solution of zinc(II) nitrate hexahydrate (1.487 g, 5.0 mmol) in H2O (10 mL) were added. The insert was placed in an autoclave, sealed and reacted for 24 h at 120 °C in a preheated furnace. The material was washed with copious amounts of H2O during which the main component changed its colour to orange and the colourless substance dissolved and washed away. The supernatant solvent was replaced by methanol three times, leaving each portion to stand for about 30 min, before it was filtered in a Schlenk apparatus. Finally, the product was dried at 150 °C in dynamic vacuum. Yield [Zn (C4HO3) .
Sorption Measurements
For the Qst calculations, the adsorption data was fitted using the single-site Langmuir-Freundlich equation. Langmuir-Freundlich fits of CPO-27-Co with oxygen: Figure S11 . The single-site Langmuir-Freundlich fit for oxygen in CPO-27-Co at 273 K. Langmuir-Freundlich fits of CPO-27-Ni with oxygen: Figure S21 . The single-site Langmuir-Freundlich fit for oxygen in CPO-27-Ni at 273 K. Langmuir-Freundlich fits of CPO-27-Cu with nitrogen: Figure S36 . The single-site Langmuir-Freundlich fit for nitrogen in CPO-27-Cu at 273 K. Langmuir-Freundlich fits of CPO-27-Cu with oxygen: Figure S41 . The single-site Langmuir-Freundlich fit for oxygen in CPO-27-Cu at 273 K. Langmuir-Freundlich fits of CPO-27-Zn with nitrogen: Figure S46 . The single-site Langmuir-Freundlich fit for nitrogen in CPO-27-Zn at 273 K. Langmuir-Freundlich fits of CPO-27-Zn with oxygen: Figure S51 . The single-site Langmuir-Freundlich fit for oxygen in CPO-27-Zn at 273 K. 
Isosteric Heat of Adsorption
The coverage dependent isosteric heat of adsorption, Qst, was calculated for each of the compounds, for both N2 and O2, by taking equally spaced points from the isotherm single-site Langmuir-Freundlich fits and using the modified Clausius-Clapeyron equation (Equation 3), whose linear form (Equation 4) was used to fit to the corresponding ln P vs. 1/T isotherm data at each fractional coverage point θ.
For all the compounds, the calculations started at 5·10 -5 mol g -1 , whereas the upper limit was decided by the maximum nads for which data from the four temperatures were still available, and hence varied for the different compounds and gas adsorbed. The resulting isosteric heats of adsorption of nitrogen and oxygen in CPO-27-M is shown in Figure S56 and S57, respectively. Table S12 . Parameters used in equation 3.
Parameter Definition Qst
Isosteric heat of adsorption, kJ mol -1
Qst values averaged over the probed range of coverage for both N2 and O2 and the five members of the CPO-27 series are listed in Table 13 . We observe that CPO-27-Co, Ni, Mn and Zn all have higher isosteric heats of adsorption for nitrogen than for oxygen. The largest difference is observed for the Ni member of the series, with a difference of 7 kJ mol -1 , followed by Co at 5 kJ mol -1 , and Mn at 3 kJ mol -1 . CPO-27-Cu and Zn appear to have very similar heats of adsorption for N2, whereas there is a clearer difference for O2. CPO-27-Cu Figure S71 . Refinement plot of fully desolvated CPO-27-Cu. E9 data, measured at 15 K. Rp= 15% wRp=14% χ 2 =3.3 Figure S73 . Lattice parameter a (top), c (middle), and cell volume (bottom) of CPO-27-M(II) in dependence of O2 loading obtained from the low temperature neutron diffraction data. The c lattice parameter of CPO-27-Cu is practically constant at approx.. 6.2 Å, much outside the useful range of the corresponding figure, and is omitted to preserve the y-axis scaling. 
